TB MED 507/AFPAM 48-152 (T)

TECHNICAL BULLETIN

HEAT STRESS CONTROL AND HEAT CASUALTY MANAGEMENT

APPROVED FOR PUBLIC RELEASE; DISTRIBUTION IS UNLIMITED.

HEADQUARTERS, DEPARTMENT OF THE ARMY AND AIR FORCE
7 MARCH 2003




TB MED 507/AFPAM 48-152 (I)*

TECHNICAL BULLETIN A HEADQUARTERS
MEDICAL 507 DEPARTMENT OF THE ARMY
AIR FORCE PAMPHLET 48-152 (I) AND AIR FORCE

Washington, DC, 7 March 2003

HEAT STRESS CONTROL AND HEAT CASUALTY MANAGEMENT

You can help to improve this bulletin. If you find any mistakes or have a recommendation to improve
procedures, please let us know. Mail a memorandum or DA Form 2028 (Recommended Changes to
Publications and Blank Forms) directly to Office of The Surgeon General, ATTN: DASG-PPM-NC,
5111 Leesburg Pike, Falls Church, VA 22041-3258.

Paragraph Page
Chapter 1 INTRODUCTION
Purpose 1-1 1
References 1-2 1
Explanation of abbreviations and terms 1-3 1
Roles 1-4 1
Chapter 2 PHYSIOLOGIC RESPONSES AND
ADAPTATIONS TO HEAT
Heat stress in military operations 2-1 5
Heat exchange and environmental heat stress 2-2 5
Physiologic relationships 2-3 7
Mental performance 2-4 8
Adaptations to heat stress 2-5 9
Chapter 3 HEAT STRESS MANAGEMENT
General 3-1 11
Heat stress and core temperature 3-2 12
Heat acclimatization 3-3 15
Work-rest cycles 3-4 16
Microclimate cooling 3-5 18
Fluid replacement 3-6 19
Electrolyte (salt) replacement 3-7 22
Special military situations 3-8 24

*This bulletin supersedes TB MED 507/NAVMED P-5052-5/AFP 160-1, July 1980.



TB MED 507/AFPAM 48-152 (I)

Chapter 4

Chapter 5

Appendix A
Appendix B
Appendix C

Appendix D

Appendix E

Glossary

ii

-Paragraph
HEAT ILLNESS AND INJURY
Injury spectrum 4-1
Risk factors 4-2
Minor heat illnesses and heat-related 4-3
conditions
Heat exhaustion 4-4
Exertional heat injury and exertional 4-5
rhabdomyolysis
Heat stroke . 4-6
Fluid and electrolyte imbalances 4-7
MANAGEMENT OF HEAT CASUALTIES
Clinical management 5-1
Body cooling 5-2
Rehydration 5-3
Adjunctive therapy 5-4
Surveillance 5-5

REFERENCES
WET BULB GLOBE TEMPERATURE INDEX
HOT WEATHER DEPLOYMENT TIPS

COMMANDER'’S, SENIOR NCO’S AND INSTRUCTOR’S
GUIDE TO RISK MANAGEMENT OF HEAT CASUALTIES

PREPARATION OF 0.1 PERCENT SALT WATER DRINKING
SOLUTION

Page

27
27
30

31
33

34
38

39
39
43
44
44
47
51
55

59

61

62



Number

3-4
3-5
3-6
4-1

4-2
4-3

Number

2-1

2-2

3-3

3-4

3-5

3-6

4-1

42

TB MED 507/AFPAM 48-152 (T)

List of Tables
Title

Actions of heat acclimatization

Fluid replacement and work/rest guidelines for warm weather
training conditions (Applies to average size and heat-acclimatized
soldier wearing battle dress uniform (BDU), hot weather.)

Heat acclimatization strategies

Recommendations for continuous work duration and fluid
replacement during warm weather training conditions (Applies to
average size and heat acclimated soldier wearing BDU, hot weather.)

Daily energy expenditures (measured by double-labeled water) of
military activities

Distances that soldiers can march in the desert (at night) with
different amounts of water before being limited by dehydration
exhaustion

FITS reference values

Drugs implicated in intolerance to heat stress

Questions for assessment of mental status

Comparison of classical and exertional heat stroke

List of Figures
Title

Energy (heat) transfer of a soldier performing physical work in
hot weather

Effects of climatic heat (comparable to heat category 3 or greater
(see Table 3-3)) and dehydration on reducing physical work output

Heat strain decision process

Illustration of core temperature (steady-state) responses during
physical work (four metabolic rates) during compensated (CHS) and
uncompensated (UCHS) heat stress

Relationship between core temperature and incidence of exhaustion
from heat strain during physical work in UCHS and CHS

Influence of time-weighted metabolic rate (W) on work-time when
wearing NBC protective clothing (closed) in hot weather in soldiers
with UCHS

Daily water requirements during various daily climatic (day time average
WBGT) and metabolic (kcal/d) conditions

Daily sodium requirements during various daily climatic (WBGT) and
metabolic (kcal/d) conditions

Spectrum of heat casualties, encompassing the continuum of mild
(heat exhaustion) to severe (heat stroke) with associated categories of
physiologic dysfunction

Army hospitalizations for heat illnesses and hyposmolality/hyponatremia
from 1990 through 2002

Page
10
13

16
17
21
22
25
29

32
36

Page

11
12

14

18

20
23

27

28

iii



TB MED 507/AFPAM 48-152 (I)

Number

43

5-2
5-3
B-1

List of Figures Continued
Title

Schematic for Treatment of Acute Exertional Rhabdomyolosis
Warning signs and symptoms of heat illness and injury
Schematic for field treatment of heat casualties by 91W medics
Schematic for MTF treatment of heat casualties

Dry and wet bulb thermometers

Page

35
40
41
42
52



TB MED 507/AFPAM 48-152 (T)

CHAPTER1

INTRODUCTION

1-1. Purpose
This bulletin provides guidance to military and civilian health care providers and allied medical personnel
to—

a. Develop an evidence-based preventive program to protect military personnel from heat stress and
associated adverse health effects.

b. Understand the diagnosis and treatment of heat casualties, exertional heat injury (EHI), and
exertional heat stroke (see glossary).

¢. Understand the physiologic responses and adaptations to heat (chapter 2).

d. Implement procedures on managing heat stress (chapter 3).

e. Understand the risk factors for heat casualties (chapter 4).

f. Implement treatments for heat casualties (chapter 5).

g. Understand the effect of fluid and electrolyte imbalances (para 4-7).

h. Understand the methodology, needed equipment, use of, and correction procedures for the wet bulb
globe temperature (WBGT) index (appendix B).

1. Prevent heat casualties during deployment (appendix C).

Jj- Implement the procedures needed to prepare a 0.1 percent salt water drinking solution
(appendix E).

k. Provide background information for reporting and data collection of epidemiological information to
note trends and to identify individual, work, and environmental factors that are not adequately controlled by
preventive measures and policies.

1-2. References
Required and related publications are listed in appendix A.

1-3. Explanation of abbreviations and terms
The glossary contains a list of abbreviations and terms used in this publication.

1-4. Roles
a. Unit commanders, medical officers, medics and combat lifesavers should coordinate to implement
educational and training programs at all levels in the command based on the principles of this document.
They should review all training and operations to make sure adequate planning is made for emergency
medical support and heat injury assessment and management where tactically feasible.
b. Unit commanders will—
(1) Integrate the medical officer into all unit staff functions.
(2) Assess training/mission hazards from heat stress.
(3) Develop and implement controls for heat stress exposure.
(4) Ensure soldiers are heat acclimatized.
(5) Ensure soldiers are provided adequate clothing, shade, and sunscreens to prevent sunburn.
(6) Enforce appropriate fluid replacement discipline and work-rest cycles.
(7) Ensure that training and operational plans incorporate the degrading effect of heat on their
schedules by adding rest (in shade) and hydration stops.
(8) Ensure planning for all aspects of fluid and food availability.
(9) Provide safe alternative training for individuals or units identified at particular risk of being heat
casualties.
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(10) Ensure the study of mean and extreme climatic conditions at the deployment site in the advance
planning stages, to include the 24-hour pattern of temperature and humidity for the deployment site, as well
as the times of sunrise and sunset. The 24-hour weather information is available at http://
www.weather.com.

(11) Ensure that communication links are established to obtain regular real-time weather data and
predictions to decrease the risk of heat casualties or to provide windows of opportunity for critical military
operations.

c. Unit medical officers will—

(1) Understand the commander’s intent and mission goals and advise the commander on the
potential adverse effects of heat and propose practical options for control of heat stress under difficult
circumstances.

(2) Assess each component of heat stress (condition of the soldier, environmental heat stress, and
mission requirements) to plan for the primary prevention of heat casualties.

(3) Assess the workload of the proposed training or operation by answering the following questions:

(a) What work rate and duration is planned?

(b) What uniform/equipment will be worn?

(c) Will the soldier be protected from solar heat load?

(d) Will the soldier be exposed to other sources of radiant heat (such as radiators, boilers, or hot
metal objects)?

(4) Calculate on-site heat stress indices using the WBGT index and provide guidance for regulating
physical training and fluid replacement according to the WBGT value.

(5) Assist the logistician in estimating potable water requirements (drinking and hygiene uses),
establishing an adequate water logistic system, and educating soldiers on their water requirements.

(6) Provide direct medical oversight during the initial heat acclimatization period.

(7) Monitor soldier hydration status through urine (frequency, volume, color), body weight change (if
possible), and orthostatic problems.

(8) Educate the soldiers on the steps needed to minimize the risk of heat casualties, to include
hydration, nutrition, skin hygiene, rest and avoidance of risk factors (including alcohol, drugs and substance
abuse).

(9) Educate soldiers in recognizing the signs of impending heat casualties and the basics of buddy
aid.

(10) Establish a field expedient surveillance procedure to detect heat strain before significant
casualties occur.

(11) Estimate the rate of heat casualties and arrange required medical support associated with each
course of action.

(12) Integrate the estimates of casualty rates, mission compatible preventive measures and medical
support requirements with the alternatives developed by the command staff.

(13) Become aware of what types of illnesses are being seen at sick call and what medications are
being used.

(14) Develop a casualty evacuation plan to include a means of cooling and monitoring patients.

(15) Interview soldiers diagnosed as having signs and symptoms of being heat casualties to describe
predisposing conditions and the circumstances surrounding the development.

(16) Report heat casualties to the Preventive Medicine Office for reporting to the U.S. Army Safety
Center per AR 385-40.

(17) Communicate to field activities immediately upon recognition of heat casualty sentinel events
and clusters.

d. Medics and combat lifesavers will recognize and treat heat casualties and implement measures to
reduce the risk of additional casualties.
e. Soldiers will—
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(1) Become familiar with recognizing the early signs and symptoms of becoming a heat casualty, and
report as soon as possible to the unit medic/medical officer if they or their buddy develop symptoms.

(2) Drink enough fluid to stay adequately hydrated.

(3) Ensure their deployment kits contain an initial supply of stock hats, sunglasses, sunscreen, lip
balm, and skin-care items.

(4) Attend lectures and receive appropriate written materials well in advance of deployment.

(5) Practice the buddy system to monitor performance and health.

f. Local medical commands will track heat illnesses.
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CHAPTER 2

PHYSIOLOGIC RESPONSES AND ADAPTATIONS TO HEAT

2-1. Heat stress in military operations

a. Troops participating in military deployments often will encounter heat stress that requires
management for successful mission accomplishment. Excessive heat stress will degrade mental and
physical performance capabilities and eventually cause heat casualties.

b. U.S. military operations were successfully conducted in extreme hot weather climates (for
example, World War II Pacific and North African campaigns, Vietnam, and Operation Desert Storm in
Southwest Asia) that required troops to perform strenuous exercise for long hours and push their
physiologic limits. Humans (if heat acclimated, given adequate shade and water, and able to limit physical
activity) can tolerate extended exposure to any naturally occurring climatic heat stress. However, military
situations, such as working in engine or boiler rooms, operating certain combat vehicles, firefighting and
wearing protective clothing in hot environments, can involve heat stress conditions so severe they cannot
be tolerated for extended periods. In addition, mission requirements that demand intense physical activity
can lead to dehydration and make successful heat stress management very difficult.

c. Military training exercises, whether initial entry training, special badge qualification training, or
military operations training, often occur during hot weather seasons and can present significant heat stress.
Individuals in these situations often are not fully heat acclimatized requiring unit commanders and trainers
to actively plan for heat injury prevention. These training environments provide an opportunity to train
personnel in using appropriate work-rest cycles and fluid replacement guidelines.

d. Leadership is key for training in hot weather environments and for successful hot weather military
operations. Soldiers should have confidence that they can master the environment through the use of
preventive measures. Lessons learned from previous hot weather deployments must be emphasized.
Leaders must learn their unit’s capabilities and manage heat exposure relative to the provided guidance.
Guidance is based on the “average” soldier, and there is significant individual variability. Supporting
medical officers must ensure that the principles of this document are incorporated into the commander’s
plans and play an active role in all phases of training and operations: pre, during, and post. The best way
to ensure this is to take an active role in the planning process for all operations or training.

2-2. Heat exchange and environmental heat stress

a. Heat stress refers to environmental and host conditions that tend to increase body temperature.
Heat strain refers to physiological and or psychological consequences of heat stress.

b. Body heat exchange occurs by convection, radiation, conduction, and evaporation. Figure 2-1
schematically shows energy (heat) transfer of a soldier performing physical work in hot weather.
Metabolic heat (~70 percent of energy expended) is released from active skeletal muscles and transferred
from the body core to skin. Heat exchange from skin to the environment is influenced by air temperature;
air humidity; wind speed; solar, sky, and ground radiation; and clothing,

(1) Convection is heat transfer by moving a gas or liquid over the body, whether induced by thermal
currents, body motion or natural movement of air (wind) or water. Heat loss by convection to air occurs
when air temperature, in contact with skin, is below body temperature; conversely, heat gain by convection
from air occurs when air temperature approaches or exceeds that of the body.

(2) Heat loss by radiation occurs when surrounding objects have lower surface temperatures than
the body, and heat gain by radiation (solar, sky, large objects and ground) occurs when surrounding objects
have higher surface temperatures than body surface temperature. Accordingly, temperature combinations
of the sky, ground and surrounding objects may exist which result in body heat gain due to radiation, even
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though the air temperature is below that of the body. Radiative heat exchange.is independent of air
motion.
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Figure 2-1. Energy (heat) transfer of a soldier performing physical work in hot weather

(3) Conduction of heat to or from solid objects is usually minimal, since little contact surface is
involved. Contact with hot liquids or surfaces above 114° Fahrenheit (F) (46° centigrade (C)) can produce
pain, and slightly higher temperatures can produce burns.

(4) Evaporative heat loss accounts for all body cooling when ambient temperatures are equal or
above skin temperatures. Eccrine sweat glands secrete fluid onto the skin surface pérmitting evaporative
cooling when liquid is converted to water vapor. When more body heat must be dissipated, these fluid
losses increase due to heavier sweating, which may for short periods of time exceed 2 liters per hour. The
rate of sweat evaporation depends upon air movement and the water vapor pressure gradient between the
skin and the environment, so in still or moist air the sweat tends to collect on the skin. If sweat is not
evaporated, the skin surface becomes soaked which suppresses sweat secretion. For this reason, it is
important to allow air circulation to the skin, especially torso areas, to maximize evaporative cooling.

Sweat that drips off the body or clothing provides no cooling benefit.

c. High air temperature, high humidity, thermal radiation, and low air movement are causes of
environmental heat stress. Air temperature is measured from a shaded dry bulb thermometer. The
contribution of humidity is determined from a wet buib temperature, which is measured by covering a
thermometer bulb with a wet wick. Aspirated wet bulb temperature is obtained when an air current is
blown over the wick. Natural (unventilated) wet bulb temperature is obtained when natural airflow around
the bulb is not augmented or restricted. Natural wet bulb temperature is higher than aspirated wet bulb
temperature, particularly in still air; convergence begins at low air movements, with the two becoming
nearly the same at an air velocity of approximately 7 miles per hour (mph) (3.1 meters per second).
Radiant heat (solar load) is assessed by a “black globe” thermometer consisting of a 6-inch hollow copper
sphere, painted matte (flat) black on the outside, and containing a thermometer at the center of the sphere.
Air movement is measured from an anemometer.

d. The U.S. Army employs the WBGT index to mark levels of environmental heat stress. Appendix B
provides equipment and instructions to measure WBGT as well as commercial sources for automated
systems. The WBGT is an empirical index used to roughly demonstrate environmental heat stress for
determining various physical activity levels and fluid replacement strategies to maximize performance and
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minimize heat casualty risk during training. The Environmental Heat Stress Monitor from Southwest
Research Institute (Appendix B) has heat stress guidance software embedded with the sensor
measurement system.

e. The WBGT can vary greatly over short durations and distances in unpredictable ways. For
example, on a sunny calm day an open field may have a higher WBGT than an adjacent forest, but on a
windy cloudy day the forest may have a higher WBGT. Therefore, the WBGT value measured at one
location on a post or region should serve only as general guides. When training or operations require
moderate or hard intensity physical demands as defined in paragraph 3-2b, the WBGT should be measured
at the site of training or location of operations if the mission permits. The WBGT must be taken and
recorded by trained personnel and be made available to unit commanders and to supporting medical
personnel who are involved in the evaluation and management of any potential heat casualty.

2-3. Physiologic relationships

a. Body temperature is normally regulated within a narrow range through two parallel processes:
behavioral temperature regulation and physiological temperature regulation. Behavioral thermoregulation
includes seeking shade, slowing down or discontinuing exercise or work, or removing clothing/equipment.
In military situations, behavioral thermoregulatory drives are often overridden by motivation to successfully
complete the mission. Physiological temperature regulation operates through heat loss responses
(sweating and increased skin blood flow), which are proportional to the elevated core temperature and
modified by skin temperature (warm skin enhances heat loss responses). Body heat loss by conduction,
convection and radiation is mediated by altering skin blood flow. Body heat loss by evaporation is primarily
by secreting sweat.

b. If the body stores heat, skin and or core temperature will increase. In response, the body initiates
heat loss responses (sweating and increased skin blood flow). Unless the heat stress exceeds the
thermoregulatory system’s capacity to dissipate heat, the heat loss responses will increase until they
restore heat balance, so core temperature stops increasing. If climate or clothing limits heat loss below the
rate of heat production, then increases in sweating and skin blood flow will not restore heat balance but
will only increase physiological strain.

c. Heat stress increases skin blood flow that elevates skin temperature. Skin temperature generally
increases with ambient temperature but remains below core temperature. When sweating does not occur,
increasing skin blood flow will elevate skin temperature, and decreasing skin blood flow will lower skin
temperature nearer to ambient temperature. Thus, heat loss by conduction, convection and radiation is
controlled by varying skin biood flow, and thereby skin temperature. When sweating occurs, the tendency
of skin blood flow to warm the skin is approximately balanced by the tendency of sweating to cool the
skin. Therefore after sweating has begun, a high skin blood flow primarily acts to deliver heat to the skin
where it is dissipated by sweat evaporation.

d. Skin temperature is higher in warmer environments, while core temperature is relatively unaffected
over a wide range of ambient temperatures. Thus at hotter ambient temperatures, the core-to-skin
thermal gradient becomes narrower, and skin blood flow increases to achieve heat transfer sufficient for
thermal balance. If evaporative cooling is not present, the core temperature will increase and widen the
core-to-skin temperature gradient to help achieve sufficient heat transfer. Likewise, if increased
evaporative cooling lowers skin temperature, the core-to-skin thermal gradient becomes wider, and skin
blood flow requirements are proportionately less to achieve the same heat transfer.

e. Maintaining a high skin blood flow strains the cardiovascular system during physical work in the
heat. High skin blood flow is associated with pooling of blood in compliant skin and subcutaneous vascular
beds. This pooling reduces cardiac filling and stroke volume, thus requiring a higher heart rate to maintain
cardiac output. For these conditions, the primary cardiovascular challenge is to have sufficient cardiac
output to simultaneously support high skin blood flow for heat dissipation and high muscle blood flow for
metabolism. To help compensate for reduced cardiac filling, sympathetic activity is increased to elevate



TB MED 507/AFPAM 48-152 (I)

myocardial contractility and to divert blood flow from the viscera to skin and muscle. The reduction in
visceral blood flow, if excessive, can contribute to the development of heat injury.

f. Since hot weather elicits high sweating rates, soldiers will dehydrate if they do not replace their
water losses. Dehydration reduces evaporative and convective heat loss, increases body temperature
(~0.36° F or 0.2° C per percent of body weight loss), increases cardiovascular strain (heart rate ~5 beats
per minute per percent of body weight loss), may reduce the core temperature that can be tolerated, and
increases the risk of heat casualties. Dehydration reduces physical work capabilities in the heat. Over
consumption of water (hyperhydration) provides no physiologic advantage (compared to normal hydration)
and acts to increase urine water loss. If soldiers substantially over-consume fluids over an extended
(typically >4 hours) period while not replacing their salt losses, they can develop hyponatremia (low blood
sodium). .

g- Figure 2-2 describes the effects of climatic heat and dehydration on physical work (aerobic
exercise) capabilities based on a literature compilation. This analysis is based on highly motivated and heat
acclimated soldiers in temperate and very hot climates. Note that dehydration reduces physical work
capabilities in temperate (dashed line) and hot (dotted line) climates. The combination of heat stress and
moderate (4 percent of body weight loss (BWL)) dehydration can reduce physical work capabilities by
~50 percent of what is expected for fully hydrated soldiers in temperate conditions. How the dehydration
is achieved, the specific exercise task and individual tolerance to dehydration and heat stress can modify
the relationships described below.

100 N
N
= . N Temperate
80t
% N
—— \
o E 60 + \\ N
4 E .~
o . \
S5 .
sz N
- e 40 ¢ s, N
s N
» ‘\
R ~
z 20t N
o -
. ~
0 2 " N Y > :
0 2 4 6 8 10 12

Dehydration Level (% BWL)

Figure 2-2. Effects of climatic heat (comparable to heat category 3 or greater (see Table 3-3)) and
dehydration on reducing physical work output.

2-4. Mental performance

a. Heat stress can reduce mental performance, which is probably mediated by thermal discomfort
(from high skin temperature, high skin wettedness, and cardiovascular strain). However, a very
incomplete database exists relating mental performance degradation relative to graded levels of heat stress
and strain. Mental performance degrades the most in boring, monotonous and repetitive tasks. In addition,
tasks that require attention to detail, concentration, and short-term memory and are not self-paced may
degrade from heat stress. Heat stress slows reaction time and decision times. Routine tasks are done
more slowly. Errors of omission are more common. Vigilant task performance will degrade slightly after
30 minutes and markedly after 2 to 3 hours.



TB MED 507/AFPAM 48-152 (1)

b. Dehydration (>2 percent BWL) adversely affects mental function (for example, serial addition,
response time and word recognition) during heat exposure. These performance decrements probably
increase with the level of dehydration.

2-5. Adaptations to heat stress

a. Biological adaptations to repeated heat stress include heat acclimatization (see glossary) and
acquired thermal tolerance (see glossary). The magnitude of both adaptations depends on the intensity,
duration, frequency, and number of heat exposures. These adaptations are complementary as heat
acclimatization reduces physiologic strain, and acquired thermal tolerance improves tissue resistance injury
for a given heat strain.

b. Heat acclimatization is induced when repeated heat exposures are sufficiently stressful to elevate
core and skin temperatures and provoke perfuse sweating. During initial heat exposure, physiologic strain
will be highest, as manifested by elevated core temperature and heart rate. The magnitude of physiologic
strain will decrease each subsequent day of heat acclimatization. For example, an acclimatized soldier
might have core temperature and heart rate reductions of ~2° F (~1.1° C) and 40 beats per minute,
respectively (compared to the first day for unacclimatized soldiers) when performing physical work in
desert heat.

¢. Heat acclimatization dramatically improves comfort and physical work capabilities. Troops more
easily complete military tasks in the heat that earlier were difficult and can complete some tasks that were
impossible. For example, in severe desert conditions, it is unlikely that unacclimatized soldiers attempting a
100-minute march will be able to complete the walk on day 1. However, with repeated days of exercise-
heat exposure, ~40 percent will be successful by day 3, ~80 percent will be successful by day 5 and all
soldiers will be successful by the eighth acclimatization day. In addition, the signs of discomfort and
distress will decrease each day. It might be expected that for soldiers performing heavy work (forced
march) in severe desert heat, ~45 percent will experience fainting on day 1, ~20 percent on day 2,
~10 percent on day 3, and none by the fifth acclimatization day.

d. The effects of heat acclimatization on mental performance have not been determined. Since heat
acclimatization improves thermal comfort and reduces cardiovascular strain, it should translate into better
sustainment of mental performance.

e. Heat acclimatization is specific to the climate and activity level. Optimal acclimatization requires
living and working in the specific climate in which soldiers will be deployed. However, acclimatization to
hot, dry (for example, desert) or moist (for example, jungle) climates markedly improves the soldier’s
ability to work in the other climate. Soldiers who only perform light or brief physical work will achieve the
level of acclimatization needed to perform that task. If they attempt more strenuous or prolonged work,
they will need to gain additional acclimatization and possibly improved physical fitness to perform that task
in the heat.

f. Table 2-1 provides the physiologic adaptations mediated by heat acclimatization. These adaptations
include improved sweating, better fluid balance, improved cardiovascular stability, and lowered metabolic
rate. Improved sweating is probably the most important physiologic adaptation, because it increases heat
loss and reduces cardiovascular strain (by decreasing skin temperature and thereby skin blood flow
requirements). Improved sweating responses include earlier onset, higher sweating rates, and sweat
glands becoming resistant to hidromeiosis (wet skin suppressing sweating by causing swelling of stratum
corneum and partly occluding the sweat-gland ducts), so high sweat rates can be sustained.

g Acquired thermal tolerance refers to cellular adaptations induced by heat exposure that protect
tissue/organs from heat injury. This allows the soldier to become more resistant to heat injury with
subsequently more severe heat exposures. Acquired thermal tolerance can be induced by heat exposure
or physical exercise and if both are employed together the benefits will be maximized.

h. Acquired thermal tolerance is associated with heat shock proteins (HSPs), which provide protection
and accelerate repair of cells from heat exposure and other stressors. After the initial heat exposure, HSP
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Table 2-1. Actions of heat acclimatization

Thermal Comfort — Improved

Exercise Performance —~ Improved

Core Temperature — Reduced
Sweating -- Improved
Earlier Onset
Higher Rate
Redistribution (Jungle)
Hidromeiosis Resistance
(Jungle)

Skin Blood Flow - Improved
Earlier Onset
Higher Rate (Jungle)

Metabolic Rate — Lowered

Cardiovascular Stability — Improved
Heart Rate - Lowered

Stroke Volume — Increased

Blood Pressure — Better Defended
Myocardial Compliance - Improved

Fluid Balance - Improved

Thirst - Improved

Electrolyte Loss (sweat and urine) —
Reduced

Total Body Water — Increased

Plasma (Blood) Volume — Increased and
Better Defended

messenger ribonucleic acid levels peak (within hours) and subsequent HSP synthesis depends on the
severity and cumulative heat stress imposed. The time course for induction and decay of HSP responses

are believed to be somewhat similar to those for heat acclimatization. The HSPs are grouped into families

3

based upon their molecular mass. Each family has different locations and functions within a cell. The
HSP responses vary between specific tissues, as brain and liver demonstrate greater responses than
skeletal muscle tissue. Generally, the tissues more susceptible to heat injury have greater HSP responses.
In addition, other cellular systems (for example, stress kinase pathways or antioxidant enzymes) probably
contribute to improved acquired thermal tolerance. Recently, many genes have been identified that are
either up-regulated or down-regulated via heat stress; however, their possible contributions to improved
acquired thermal tolerance have not been determined.

10
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CHAPTER3

HEAT STRESS MANAGEMENT

3-1. General

a. Heat stress is imposed by the combination of mission and individual and environmental risk factors.
Environmental risk factors include temperature, humidity, wind, and solar load. Mission risk factors include
the work intensity (metabolic rate), duration of heat exposure, and clothing/equipment worn. Wearing
special clothing, such as body armor or nuclear, biological and chemical (NBC) protective clothing, can
impede heat dissipation (see glossary) and increase heat strain. Individual risk factors include the soldiers’
physical fitness, heat acclimatization status, hydration/nutrition status, and health (including prior history of
repetitive occurrences of heat injury, use of medications, alcohol or drugs of abuse). Fit, healthy, heat
acclimatized, fully hydrated, and well-rested soldiers will encounter the least heat strain when performing a
given military task in hot weather.

b. Soldiers can effectively operate in any naturally occurring hot environment if they are heat
acclimatized, consume adequate water and diet (for example, salt), and have sufficient shade and rest.
Successful management of heat exposure results in optimal work capabilities and prevention of heat
illness/injury.

¢. Successful management of heat stress depends on proper education of leaders and troops exposed
to heat. Leaders must implement procedures to alert troops of dangerous heat stress levels and must
apply interventions to reduce exposure and increase resistance of exposed soldiers. Being alert to signs of
soldier distress in the heat is critical so that management procedures can be adjusted accordingly. Heat
casualties often occur in groups, so when the first heat casualty occurs others may be imminent.

Figure 3-1 provides the heat strain decision-making process.

[ Heat Stress j 1 \WBGT
Microenvironment
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! Analyze Mission Requirements ] ¢ WOrk~Rates
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l Highly Motivated

Medications
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‘ Implement Heat Mitigation I Fiuid Replacement
l Work Schedules

Shade
Medivac Planning

Observe

Leadership
Buddy

Modify Behavior

Figure 3-1. Heat strain decision process

11



TB MED 507/AFPAM 48-152 (I)

3-2. Heat stress and core temperature _

a. Heat stress can be divided into compensated heat stress (CHS) and uncompensated heat stress
(UCHS). CHS and UCHS are primarily determined by biophysical factors (environment, clothing, work-
rate) and are modestly affected by biological status (heat acclimatization and hydration status). The CHS
exists when heat loss occurs at a rate in balance with heat production so that a steady-state core
temperature can be achieved at a sustainable level for a requisite activity. The CHS represents the
majority of military situations. The UCHS occurs when the individual’s evaporative cooling requirements
exceed the environment’s evaporative cooling capacity. During UCHS, soldiers cannot achieve steady-
state core temperature, and core temperature rises until exhaustion occurs at physiological limits. The
UCHS examples include performing intense exercise in oppressive heat, wearing NBC protective clothing
in hot weather, or performing strenuous work in a boiler room.

b. Figure 3-2 provides an illustration of steady-state core temperature responses (for heat
acclimatized, fully hydrated, lightly clothed soldiers) that might be expected at several metabolic rates and
environmental (WBGT) conditions. Metabolic rate during marching is dependent upon speed, terrain
(slope and surface), and load carried. The metabolic rate is proportional to the amount of body heat that
must be dissipated to the environment. Metabolic rates of 250 watt (W), 425 W, and 600 W represent
“easy”, “moderate”, and “hard” intensity military tasks (see Table 3-1), while 1,000 W represents an

activity like competitive running. Wearing heavy clothing has the same effect as exposure to a hotter
climate.
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Figure 3-2. lllustration of core temperature (steady-state) responses during physical work (four
metabolic rates) during Compensated (CHS) and Uncompensated (UCHS) heat stress.

¢. During CHS, a steady-state core temperature is achieved that is proportionate to the metabolic rate.
The steady-state core temperature is often independent of the environment; however, as the heat stress
becomes more severe (higher WBGT or higher metabolic rate) an elevated steady-state core temperature
may be achieved. This zone of elevated steady-state core temperatures and the beginning of UCHS is
somewhat influenced by a soldier’s ability to defend his or her body temperature (poorly acclimatized
persons will transition at lower environmental heat stress). During UCHS, working at higher metabolic
rates only increases the rate of body heat storage, thereby reducing the time to achieve a given core
temperature. In addition, skin temperatures are high (because of inadequate evaporative cooling)
increasing the cardiovascular strain.
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Table 3-1. Fluid replacement and work/rest guidelines for warm weather training conditions (Applies
to average size and heat-acclimatized soldier wearing battle dress uniform (BDU), hot weather.)

Easy Work Moderate Work Hard Work
(250 W) (425 W) (600 W)
Heat WBGT® Work/Rest' Water®’ Work/Rest Water Work/Rest Water
Category Index Intake Intake Intake
(°F) (qt/hr) (qt/hr) (qt/hr)
1 78 -81.9 No Limit Y NL Y 40/20 min %
(NL)®
2 (green) 82-84.9 NL Y 50/10 min Ya 30/30 min 1
3 (yellow) | 85-87.9 NL Ya 40/20 min Ya 30/30 min 1
4 (red) 88 -89.9 NL Y 30/30 min Ya 20/40 min 1
5 (black) >90 50/10 min | 20/40 min 1 10/50 min 1
Easy Work Moderate Work Hard Work
* Weapon maintenance * Walking loose sand at 2.5 * Walking hard surface at 3.5
* Walking hard surface at 2.5 mph, no load mph, 240 tb load
mph, <30 pound (Ib) load * Walking hard surface at 3.5 * Walking loose sand at 2.5
* Manual of arms mph, <40 1b load mph with load
* Marksmanship training * Calisthenics * Field Assaults
* Drill and ceremony * Patrolling
* Individual movement
techniques, that is low crawl,
high crawl
* Defensive position
construction

Notes:

1. The work/rest times and fluid replacement volumes will sustain performance and hydration for at least 4
hours of work in the specified heat category. Fluid needs can vary based on individual differences (+ % qt/hr)
and exposure to full sun or full shade (+ % gt/hr).

. NL equals no limit to work time per hour (up to 4 continuous hours).

. Rest means minimal physical activity (sitting or standing), accomplished in shade if possible.

. CAUTION: Hourly fluid intake should not exceed 1 Y% quart.

. Daily fluid intake should not exceed 12 quarts.

. If wearing body armor, add 5° F to WBGT index in humid climates.

. If wearing NBC clothing (mission-oriented protective posture (MOPP 4)), add 10° F to WBGT index for
easy work, and 20° F to WBGT index for moderate and hard work.

NN R W

d. Core temperature provides the “best” single physiological measure to estimate physical work
capabilities during hot weather operations. Core temperature values will vary depending upon the
measurement site. (Do not rely on measurements made at superficial sites such as the mouth, armpits, ear
drum, or ear canal.) Esophageal temperature is the most accurate, and it responds rapidly and
quantitatively to changes in core temperature. Rectal temperature is typically slightly higher (~0.4° F) and
responds more slowly. Oral temperature is easy to obtain but can be artificially lowered if the subject
breathes through the mouth particularly during the rapid breathing of exercise. Pill temperatures are
similar to rectal values but may be slightly more variable as the pill moves through the gastrointestinal
tract. Tympanic and ear canal temperature measurements are often confounded by head and face skin
temperatures, so their use is not recommended. In collapsed hyperthermic athletes, ear temperature
readings have been 6 to 10° F below rectal. Measuring rectal temperature will be the most practical way
to evaluate core body temperature of heat casualties early in the field or at training sites and in the clinical
setting at a medical treatment facility (MTF).
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e. To develop hot weather guidance, core temperature responses for the “average” soldier are
predicted via mathematical modeling based upon appropriate environmental and mission factors. The
predicted core temperature values are then compared to the percentage of soldiers expected to incur
exhaustion from heat strain for a given population (somewhat dependent on physical fitness level and
acclimatization state) and heat stress conditions (CHS or UCHS). Military training guidelines for using
work-rest cycles are based on achieving core temperatures of 101.3° F (38.5° C) and 100.4° F (38° C),
for CHS and UCHS, respectively. Military training guidelines for continuous physical work times (for
example, physical training runs) are based on achieving a core temperature of 104.0° F (40.0° C) in
acclimated individuals with appropriate fluid replacement. Core temperatures below these levels can be
sustained with “few” persons incurring exhaustion from heat strain. During military operational settings,
less conservative guidelines (higher core temperatures) can be employed.

f. Figure 3-3 presents the relationships between core temperature and expected incidence of
exhaustion from heat strain. Considerable inter-individual variability exists between and among physically
fit, heat acclimatized and field-seasoned soldiers in their ability to tolerate higher core temperatures.
Likewise, any given soldier will tolerate higher and lower core temperatures during CHS (right line,
representing CHS with cool skin temperature conditions) and UCHS (left line, representing UCHS with
warm skin temperature conditions), respectively. During CHS, soldiers can tolerate high core
temperatures for extended durations (because core temperature elevation is mostly due to metabolic rate),
and exhaustion is often associated with dehydration or physical fatigue (from working at sufficiently high
metabolic intensities to induce high core temperatures). During UCHS, soldiers incur heat exhaustion at
relatively low core temperatures (because core temperature is elevated by heat stress combined with high
skin temperatures) due to cardiovascular strain. Most hot-weather military situations probably fall
between these two extremes.

g. The CHS is managed by heat acclimatization, hydration and work rate. UCHS is managed by
minimizing heat stress exposure, limiting metabolic rate, and using microclimate (see para 3-5 and
glossary) cooling.
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Figure 3-3. Relationship between core temperature and incidence of exhaustion from heat strain
during physical work in UCHS and CHS.
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3-3. Heat acclimatization A

a. Physical work and training programs for unacclimatized soldiers should be limited in intensity and
time. About two weeks of progressive heat exposure and physical work should be allowed for heat
acclimatization.

b. By the second day of acclimatization, significant reductions in physiologic strain can be observed.
By the end of the first week and second week, ~50 percent and ~80 percent of the physiologic adaptations
(for average soldier) are complete, respectively. A day or two of intervening cool weather will not
interfere with acclimatization to hot weather. Soldiers who are less fit or unusually susceptible to heat will
require several days or weeks more to acclimatize. Very fit soldiers can achieve marked
(~70 percent) heat acclimatization in one week. In addition, several weeks of living and working in the
heat (seasoning) may be required to maximize tolerance to high body temperatures. If no further heat
exposures occur, the benefits of heat acclimatization will be retained for ~1 week and then decay with
about 75 percent lost by ~3 weeks.

c. Heat acclimatization is necessary even for very fit soldiers, but they will acclimatize to heat faster
than less fit soldiers. The full effects of heat acclimatization are relative to the initial physical fitness level
and the total heat stress encountered by the soldier. Soldiers who only perform light physical work will
achieve the level of acclimatization needed to perform that task. If they attempt more strenuous work,
they will need to gain additional acclimatization and possibly improved physical fitness to perform that task
in the heat. Less fit soldiers have reduced work capabilities in the heat. For example, women and middle-
aged soldiers often have lower work capabilities than men or young adult soldiers, respectively. However,
if physical fitness is matched and they are heat acclimatized, they should have similar work capabilities in
the heat.

d. Heat acclimatization requires a minimum exposure of two hours per day (can be broken into 1-hour
exposures) with some physical exercise requiring cardiovascular endurance, (for example, marching or
Jogging) rather than strength training (pushups and resistance training). Gradually increase the exercise
intensity each day, working up to an appropriate physical training schedule adapted to the environment.
Resting in the heat, with activity limited to that required for existence, results in only partial acclimatization;
physical exercise in the heat must be performed to accomplish optimal acclimatization for work at that
intensity in a given hot environment.

e. Maximize physical fitness and heat acclimatization prior to deployment to hot environments.
Maintain physical fitness after deployment with maintenance programs tailored to the environment. If the
new environment is much hotter than what the troops are accustomed to, light recreational activities may
be appropriate for the first two days. By the third day, unit runs (20 to 40 minutes) at the pace of the
slowest participants are feasible. .

f. Two groups at extremes need to be monitored: the least fit soldier will have the most difficult time
(take longer and suffer greater heat strain) acclimatizing to heat and the most motivated soldiers may
overdo their physical activity and be susceptible to heat illness/injury.

g. Table 3-2 provides heat acclimatization strategies that can be considered before and after
deployment.

h. If recently deployed troops must perform physical work during the period of acclimatization, take
advantage of the cooler hours (morning, evening, or night). Establish a schedule with increasingly longer
work periods alternating with rest periods. When possible, two groups of soldiers should be detailed to
work in sequence with alternating work/rest periods.

i. Adequate water must be provided and consumption monitored during and after the acclimatization
period. Heat acclimatization increases the sweating rate, and therefore increases water requirements. As
aresult, heat acclimatized soldiers will dehydrate faster if they do not consume fluids. Dehydration
negates many of the thermoregulatory advantages conferred by heat acclimatization and high physical
fitness.
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Table 3-2. Heat acclimatization strategies

1. Mimic the deployment climate.

2. Ensure adequate heat stress by—
* Invoking sweating.
* Using exercise and rest to modify the heat strain.
* Having 4 to 14 days of heat exposures.
* Maintaining the daily duration of at least 100 minutes.

3. Start early (1 month before deployment).
* Performance benefits may take longer than physiological benefits.
* Be flexible with training.
* Build confidence.
* Pursue optimum physical fitness in the current climate.

4. Methods.
* Pre-deployment: Climate controlled room or hot weather.

* Integrate with training by adding additional acclimatization sessions; inserting
acclimatization with training; alternating acclimatization days with training days, and no
detraining.

5. On arrival.
* Start slowly and reduce training intensity and duration and limit heat exposure.
* Increase heat and training volume as tolerance permits. '
* Acclimatize in heat of day.
* Train in coolest part of day.
* Use work/rest cycles or interval training.
* Be especially observant of salt needs for the first week of acclimatization.

3-4. Work-rest cycles

a. The recommended threshold WBGT value for initiating hot weather guidelines is 75° F (23° C)
depending on the work intensity. As the WBGT value increases, physical work intensity should be
reduced (or more frequent and longer rest periods), or under extremely severe conditions (WBGT index
>90° F or 32° C), possibly suspended. Work schedules should be customized to the climate, work intensity
and military situation.

b. Table 3-1 provides work/rest and fluid replacement guidelines for heat-acclimatized soldiers in a
training environment (average soldier wearing BDU, hot weather). The guidelines support at least 4 hours
of work. Three time-weighted work intensities are provided representing easy (~250 W), moderate (~425
W), and hard (~600 W) military tasks; examples are provided. The users should determine the existing
weather conditions at the site of training (WBGT index) and then read the recommended work-time. The
work-rest cycle is the ratio of minutes of work to minutes of rest within each hour.

c. The information in Table 3-1 is sufficiently robust to estimate guidance for many different
scenarios. Soldiers often perform several hours of moderate or hard work interspersed with several hours
of easy work. In these situations, the recommended work times for moderate and hard work periods are
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overly conservative. Leaders need to gain experience with estimating guidance for different scenarios and
matching that information to their unit’s work capabilities. Leaders must recognize that “fudging” and
working a unit too hard in the heat may result in increased heat casualties that day or greater susceptibility
to heat injuries on the following day. Conversely, unnecessarily limiting work in the heat will result in sub-
optimal performance.

d. Table 3-3 provides guidelines for the duration of continuous work at metabolic intensities
representing easy, moderate, or hard military tasks (see Table 3-1 for examples of these tasks and fluid
replacement during warm weather training). Factors increasing the metabolic intensity of a task include
carrying heavier backpack loads, marching at faster paces or uphill and loading heavier objects.
Remember, activities such as physical fitness runs usually elicit much higher metabolic rates (~1,000 W)
then the “hard work™ military activities (~600 W) represented in this table. It is assumed that soldiers
performing these continuous effort tasks shall not have incurred significant exercise-heat stress or
dehydration prior to this activity and will have extended (several hours) rest and adequate rehydration
afterwards.

¢. Rest means minimal physical activity and should be accomplished in the shade with adequate air
circulation and without additional clothing or protective equipment. Soldiers should avoid resting on hot
ground (such as in the desert) by digging a shallow trench to locate cooler ground.

f. If soldiers are performing physical training as a unit, they should open ranks (double arm interval) to
ensure adequate air motion for cooling. Soldiers in the middle of the formation will experience significantly
greater heat strain.

g. Protective clothing and body armor can increase heat strain, and several “Rule of Thumb”
adjustments can be made. The WBGT index value should be increased by ~10° F (6° C) for easy work
and by ~20° F (12° C) for moderate and hard work when wearing NBC protective clothing (MOPP4).
Body armor has more modest effects on work/rest guidelines and water requirements; if the environment
is humid (observe dripping sweat), then a WBGT index increase by ~5° F (3° C) should be employed.

Table 3-3. Recommendations for continuous work duration and Sluid replacement during
warm weather training conditions (Applies to average size and heat acclimated soldier wearing

BDU, hot weather.)
Easy Work Moderate Work Hard Work
Heat WBGT Work Water” Work Water Work Water
Category | Index (min) Intake (min) Intake (min) Intake
) (qt/hr) (qt/hr) (qt/hr)
1 78 — NL' Va NL EZ 70 1
81.9
2 (green) 82— NL Ya 150 1 65 1 Y
84.9
3 85 — NL Ya 100 1 55 1Y
(yellow) 87.9
4 (red) 88 — NL Ya 80 1Y 50 1V
89.9
5 (black) >90 180 1 70 1Y% 45 1Y%

Notes:

1. NL can sustain work for at least 4 hours of work in the specified heat category.

2. Fluid needs can vary based on individual differences (+ v qt/hr) and exposure to full sun or full shade
(£ % qt/hr).
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h. Figure 3-4 plots the relationship between work-time tolerance and metabolic rate for soldiers during
UCHS, wearing NBC protective clothing (MOPP, closed) in hot weather (86° F, 50 percent relative
humidity). This tolerance curve should be used for any suspected UCHS condition. Note that as the time-
weighted metabolic rate is reduced the soldier’s work-time tolerance is increased. Either lowering the
work intensity or providing rest periods can reduce the metabolic rate. Table 3-1 gave examples of
military tasks that have time-weighted metabolic rates of approximately 250 W, 425 W, and 600 W.

. 300
£
E 0t
-
2
S 200}
=
2
S 150}
i
S 0t
Q
E
[ 50 ¢
4
5
. . . . .
=

75 250 425 600 775

Metabolic Rate (W)

Figure 3-4. Influence of time-weighted metabolic rate (W) on work-time when wearing NBC protective
clothing (closed) in hot weather in soldiers with UCHS

3-5. Microclimate cooling

a. Microclimate cooling systems are effective in alleviating heat stress and extending exercise
capabilities in soldiers wearing protective clothing or exposed to UCHS conditions. Microclimate cooling
has been successfully used in armored vehicles like the M1A1 tank; however, the technology has not
matured sufficiently to support dismounted soldiers working at high metabolic rates.

b. Microclimate cooling systems use circulating cooled air or liquid in tubes over the skin or ice packet
vests to remove body heat. In addition, microclimate cooling facilitates heat loss by maintaining the
temperature gradient between the body core and the cooled skin. The amount of heat transferred from
the body to any microclimate system is dependent on several factors: the amount and location of body area
covered by the device, coolant temperature, flow rate, skin temperature, and insulation from the ambient
heat.

c. Air-cooled garments are lighter to wear and rely on sweat evaporation to cool the person. While air
is not as efficient as water due to the difference in specific heat, air-cooled systems are effective in
reducing heat strain and in some environments are felt to be as effective as water-cooled devices. In
addition, air-cooled vests provide drier skin conditions thereby improving the thermal comfort as opposed to
that provided by liquid-cooled systems. In environments uncontaminated by biological and or chemical
agents, ambient air can be employed to circulate under the protective clothing. However, less sweat will
be evaporated to provide cooling if ambient humidity is high, and local skin irritation results if the ambient
humidity is low and the air temperature is too hot.

d. Microclimate cooling systems that use ice as the cooling medium are not as effective as either
liquid- or air-cooled systems, and the logistical problems rendered by ice-cooled systems make them
impractical for use as cooling devices in many situations. Once the ice has completely melted, cooling is
no longer provided and the torso receives a net heat gain from the hot climate resulting in skin
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temperatures in excess of 35° C. The cooling efficiency of an ice packet vest can be improved by
increasing the number of ice packets attached to the vest (up to the limit of total torso surface area
coverage).

3-6. Fluid replacement

a. Heat stress increases the sweating rate and therefore body water needs. If fluid is not fully
replaced, then dehydration will occur. The myth that soldiers can be taught to adjust to decreased water
intake has been proven wrong many times.

b. Thirst does not adequately motivate personnel to promptly consume sufficient fluids to replace
sweat losses in hot environments. If thirst alone is used to guide fluid replacement, adequate hydration
lags behind fluid needs for several hours. Most fluid is replaced at mealtime; the food (solute) helps retain
the consumed water in the body, not lost as urine.

¢. Soldiers can monitor hydration status by noting the color and volume of their urine and their body
weight. Dark, low volume and infrequent urination indicates that fluid consumption should be increased.
Likewise, frequent and large volumes of clear urine indicate that fluid replacement should be reduced.
The relationship between urine color or specific gravity (an easily obtained measurement) with the
magnitude of dehydration is not precise. Soldiers can monitor their body weight before and after exercise
(or upon awakening), as most weight loss will be from water. One quart (32 ounces or ~0.95 liters) of
fluid equals about two Ibs (or ~0.95 kilograms) of weight. Note that unclothed weight should be used to
avoid the confounding effects of soaked clothing.

d. Assure full hydration of all soldiers before any work period. Provide sufficient water to replace the
volume of sweat loss during work. Establish drinking schedules and encourage and monitor drinking.
Make water more palatable, if possible, by cooling (50° to 60° F) and lightly flavoring with citrus fruit
flavors or extracts. Plan operations that include water supply points every three hours or less.

e. Provide adequate time for meals and make fluids readily available. Soldiers usually drink most of
their water with meals, and eating food improves water consumption. During mealtime soldiers can drink
a variety of fluids (milk, juice, ice tea, sports drink), as each will be equally effective in replacing body
water. In addition, meals provide the salt intake necessary to retain body water. Other beverages or fluids
served in dining facilities (except those containing alcohol), such as milk, are acceptable for fluid
replacement; however, they should not be placed in canteens for use in the field for hygienic reasons.

f. Drinking is limited by how fast fluid is emptied from the stomach (average about
1.2 qt/hr) and absorbed by the small intestine (this exceeds the gastric emptying rate). If the stomach is
too full, then soldiers will feel bloated. Drinking enough to fill the stomach facilitates rapid gastric
emptying. However, dehydration and intense exercise can reduce the gastric emptying rate. Since gastric
emptying rates vary between soldiers, each person needs to determine his or her own drinking pattern,
based upon comfort. During periods of very high sweat loss, most water replacement will occur during
recovery periods. Drinking at high rates will facilitate gastric emptying but will often result in greater urine
formation. If water economy is important (limited water supply in survival situation), then sipping water is
recommended.

g. The sweating rate is related to activity level, clothing/equipment worn and environmental heat stress
conditions. In hot weather, soldiers often have sweating rates of ~0.3 to ~1.0 qt/hr while performing most
military activities, ~0.5 to ~1.2 qt/hr while performing vigorous training activities, and ~1.0 to ~2.2 gt/hr
while wearing NBC protective clothing while working. These higher sweating rates represent
considerable heat strain, and activities eliciting these usually cannot be sustained for extended periods.

h. Tables 3-1 and 3-3 provide water replacement recommendations for work/rest schedules and
continuous work situations during training, respectively. The tables specify an upper limit for hourly
(1.5 qt) and daily (12 qt) water intake to provide a safeguard against overdrinking and development of
water intoxication (hyponatremia) during training. Considerable individual variability exists for water
requirements as the tables give values for the “average” soldier. Small soldiers, such as petite women,
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may have lower sweating rates, while very large persons may have higher sweating rates; therefore,
actual fluid replacement may need to be decreased or increased by ~1/4 qt/hr for those soldiers.
Likewise, exposure to full shade or full sun can decrease or increase fluid replacement needs by ~1/4 gt/
hr.

i. The tables are sufficiently robust to be modified for specific scenarios and still maintain appropriate
hydration. For example, if soldiers deviate from the recommended work times and extrapolate the
appropriate hourly fluid intakes, the legend cautions the user not to drink in excess of
1.5 qt/hr and no more than 12 qt/day. If soldiers increase their work time per hour but do not modify fluid
intake, the original recommendation still prevents excessive dehydration during several hours of training.

J. Knowledge of daily water requirements for hot environments is important for planning purposes.
Soldiers will consume from ~3 to 12 qt/day during military training in hot climates. Inactive soldiers in
shaded areas might require ~3 to 5 gts, those performing moderate activity (most soldiers) might require -
~6 to 8 gts, and very active soldiers (particularly in desert environments) might require ~9 to 12 gts/day. In
training conditions physical activity levels are decreased at higher WBGT levels (therefore water needs
are reduced); however, soldiers may not have the option of reducing physical activity during operational
conditions.

k. During operational conditions, mission needs may demand sustained high intensity work greater than
that encountered during training conditions. In extremely active soldiers (who are also very fit and highly
heat acclimatized) water requirements can be >12 qt/day. World War II desert operations showed that a
few very active soldiers could have daily water requirements of >16 qts.

. Daily water requirements depend upon the environmental heat stress, activity level and duration of
exposure. Figure 3-5 estimates daily water requirements at four energy expenditures (activity levels)
relative to the daytime average (mean) WBGT levels for heat-acclimated soldiers. Daily mean WBGT is
the average daytime temperature, with the assumption that all physical work is performed during this
period. The filled area represents the influence of full sun (upper border) and full shade (lower border) on
water requirements at each energy expenditure level. Tropical climates generally have less direct sun
exposure than desert climates due to cloud cover and vegetation canopy. The lowest energy expenditure
(2,500 kilocalories per day (kcal/d)) represents “sedentary” soldiers and is the minimal water requirement.

m. Table 3-4 provides daily energy expenditures for various military activities. Note that the metabolic
rate for military units performing field activities usually falls between ~3,500 and
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Figure 3-5. Daily water requirements during various daily climatic (day time average WBGT) and
metabolic (kcal/d) conditions
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Table 3-4. Daily energy expenditures (measured by double-labeled water) of military activities

Group Activity kcal/d
Army Special Forces Combat exercise, temperate 3400
Army Engineers Build road and airstrip @ 3549
altitude
Army Transportation Garrison 3568
Company

Marine Combat Engineers Construction 3668
Israeli Infantry Combat exercise, summer 3937
Army Support hospital 3960

Army Ranger ‘ Training course 4010
Army Ranger Training course 4090
Marine Artillery exercise, desert 4115
Marine Combat exercise, winter 4198

Army Artillery exercise, winter 4253

Israeli Infantry Combat exercise, winter 4281
Army Special Forces Combat exercise, winter 4558
Marine Crucible, women 4679
Australian Infantry Jungle training 4750
Army Special Forces Assessment school 5183
Army Ranger Combat exercise 5185
Norwegian Ranger Training course 6250
Marine Crucible, men 6067
Average 4405

~3,000 kcal/d, with some groups exceeding 6,000 kcal/d. Therefore, when using Table 3-4 either the 3,500

or 4,500 kcal/d energy expenditures can be used to estimate water requirements for most active field units.
n. If the average daytime WBGT were 80° F (~27° C) the daily water requirements could range from

~5 (2,500 kcal) to ~10 (4,500 kcal) qt/day for most units. The daily water requirement could achieve

~12 qt/day for the highest energy expenditure (5,500 kcal/d), thus representing the upper limit for water

requirement for very fit and very active units at this WBGT.

0. Extreme operational scenarios can demand daily energy expenditures >6,000 kcal/d (Table 3-4) and
can expose soldiers to sufficient climatic heat stress that the daily water requirement could achieve, ~16
qt/day. Such high fluid requirements, however, would only be for “very elite” soldiers with an
exceptionally demanding mission in very hot desert-like weather.

p. Water shortages may occur during hot weather military operations, particularly in the desert. Water
should be consumed and not wasted by pouring onto the skin. Saving water as long as possible has no
physiologic advantage, and soldiers have suffered dehydration exhaustion and death with water still in their
canteen. When water is in short supply, water economy can be achieved by working at night, reducing
physical activity, and seeking shade. Desert operations demonstrated working at night reduced water
requirements from 10 qt to 7 qt/day (30 percent savings). Northern African operations in World War 11
indicated that, if water loss was minimized (during average summer weather), a water ration of
1 gt/day allowed minimal, but seriously impaired, combat efficiency for up to ~4 to 5 days with survival up
to ~10 days.

q. If soldiers are unexpectedly isolated in the desert, they can walk to safety or wait for help.

Table 3-5 provides walking distance obtainable by soldiers carrying limited water before incurring
dehydration exhaustion. These estimates assume flat terrain and soldiers resting in shade during daylight
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and walking at night until being dehydrated by 10 percent of body weight. If soldiers rest at all times and
wait for help, they can increase their survival time (assuming death when dehydrated by 20 percent of
body weight). Survival times (without water) in desert climates with average daily temperatures (dry bulb)
of 80°, 90°, 100°, and 110° F are ~7 days, ~4 days, 3 days, and 2 days, respectively. For comparison, in a
60° F climate soldiers could survive ~16 days without water.

Table 3-5. Distances that sold('ers can march in the desert (at night) with different amounts of water
before being limited by dehydration exhaustion

Daytime Number of miles, with different water supplies
Average 0qt I qt 4 qt 10 gt
Temperature
C B
80 45 50 70 110
90 20 25 35 50
100 15 18 20 30
110 9 10 15 20

*Daytime average dry bulb temperature was about 15° F below maximal temperature.

3-7. Electrolyte (salt) replacement

a. In addition to water, sodium, chloride and other electrolytes (potassium, calcium, and magnesium)
are lost in sweat. Sweat sodium concentration can range from 10 to 70 millimoles per liter (mmol/L)
depending on diet, sweating rate, and heat acclimatization status. Heat acclimatization conserves sodium
by decreasing sweat salt (NaCl) content by ~50 percent (for example, sweat sodium decreases from 50 to
25 mmol/L for the average soldier).

b. Figure 3-6 provides the daily sodium requirements for heat-acclimated soldiers (assuming sweat
sodium concentration of 25 mmol/L) over a range of daily energy expenditures (activity levels) and daily
mean WBGT index levels (2.5 grams NaCl contains 1 gram sodium). Daily sodium requirements range
(for sedentary to very active persons) from ~2 to 4 grams (5 to 10 grams NaCl) per day in cool climates
and up to ~5 to 11 grams (12 to 28 grams NaCl) per day in very hot climates. Most soldiers working and
living in hot weather will have daily sodium requirements of 4 to 9 grams per day (10 to 23 grams NaCl).

¢. Daily sodium consumption for garrison dining ranges from 2.3 to 9.5 grams (6 to 24 grams NaCl; 95
percent confidence limits) and varies because of food preferences. Each meals ready to eat (MRE)
contains an average of 3.6 grams of sodium (2.0 grams in food and 1.6 grams in salt packet). If three
MRE are consumed, then soldiers will have a maximum of 10.8 grams of sodium (27 grams NaCl), but
only 6.0 grams of sodium (15 grams NaCl) if the salt packets are not eaten. Therefore, soldiers should
consume their entire MRE ration and salt packets during periods of strenuous physical work in the heat.

d. If soldiers are heat acclimatized and fully consume their meals (MRE, including salt packets),
sodium intake will be adequate except for the most extreme hot weather conditions. Increases or
decreases in body sodium stores are usually corrected intuitively by adjustments in appetite. Physical
activity increases hunger, and the associated increased food consumption usually covers the additional
sodium required. If soldiers perceive they need additional sodium, such as the first several days of hot
weather, this can be achieved by salting food to taste. Salt tablets are not recommended as their misuse
has resulted in gastrointestinal discomfort and incapacitating nausea.
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Figure 3-6. Daily sodium requirements during various daily climatic (WBGT) and
metabolic (kcal/d) conditions

e. If meals are not consumed, salt supplementation should be employed during prolonged (>4 hours)
periods of profuse sweating in hot weather. A method to replace salt losses, in approximate proportion to
sweat losses, is to salt drinking water at a concentration of 0.1 percent (17 mmol/L sodium). Salt can
accentuate the taste of chlorine, so the salt concentration may need to be diluted (to taste) in treated
water. Mixing the following will produce salted drinking water: (See Appendix D.)

(1) One Ib (0.45 kilograms) table salt to 100 gallons of water.
(2) One-fourth teaspoon table salt to each quart of water.

f. Sports drinks are an effective source for electrolyte replacement during prolonged (>4 hours)
periods of profuse sweating in hot weather. Sports drinks should meet the following criteria: sodium
~15 to ~30 mmol/L, potassium ~2 to ~5 mmol/L, and carbohydrate ~5 to ~10 percent. The type of
carbohydrate (for example, glucose, sucrose, or polymers) does not matter (although high fructose should
be avoided as it may cause gastrointestinal side effects). The carbohydrate in sports drinks makes them
an appropriate rehydration beverage for other situations, such as—

(1) Before initiating strenuous exercise if meals are not consumed for >4 hours.
(2) During prolonged (>6 hours) exercise if meals are not consumed.
(3) For therapy for heat-related disorders.

g. The primary concerns with sports drinks are their caloric density. If soldiers drink 5 qt (~4 calories
per gram carbohydrate and 8 percent solution) of sports drinks that would constitute about 1,600 kcal.
Therefore, sports drinks should be used during conditions described above and not to totally replace water
consumption.

h. Canteens containing carbohydrate (sugar) solutions increase the growth of harmful bacteria,
increasing the incidence of gastrointestinal upset. If sugar-containing beverages are carried in the
canteen, then additional sanitation efforts are needed. Canteens containing carbohydrate solutions should
be rinsed with water daily and treated with hypochlorite solution every two or three days. The frequency
of these sanitation actions depends on the quality of water, liquid temperature, and compos